@
\_ Bindiversit}'

Huritagu
_Ebrary

http://www.biodiversitylibrary.org

The University of Kansas science bulletin.
[Lawrence] :University of Kansas,1902-1996.
http://www.biodiversitylibrary.org/bibliography/3179

v.49:n0.9-12 (1972): http://www.biodiversitylibrary.org/item/25764
Page(s): Page 439, Page 440, Page 441, Page 442, Page 443, Page 444, Page 445, Page 446,
Page 447, Page 448, Page 449, Page 450, Page 451, Page 452, Page 453, Page 454, Page
455, Page 456, Page 457, Page 458

Contributed by: Harvard University, MCZ, Ernst Mayr Library
Sponsored by: Harvard University, Museum of Comparative Zoology, Ernst Mayr Library

Generated 20 July 2010 9:05 AM
http://www.biodiversitylibrary.org/pdf3/003689700025764


http://www.biodiversitylibrary.org
http://www.biodiversitylibrary.org/bibliography/3179
http://www.biodiversitylibrary.org/item/25764
http://www.biodiversitylibrary.org/pdf3/003689700025764

This page intentionally left blank.



Revision of the Bee Genus Agapostemon
(Hymenoptera: Halictidae) ~

RapcLyrre B. RoBErTS®

ABSTRACT

In this study 43 species of Agapostemon are recognized from the Americas.
Of these, the following 19 species are new: A. aemigma, A. alayoi, A. ascius,
A. boliviensis, A. columbi, A. cubensis, A. cyaneus, A. erebus, A. hispaniolicus,
A. inca, A. insularis, A. intermedius, A. jamaicensis, A. lanosus, A. mexicanus,
A. mourei, A. ochromops, A. penminsularis, A. sapphirinus. Forty-six names are
listed as synonyms, 26 for the first time. Twenty-two species previously placed
in Agapostemon but now placed in other genera are listed.

Separate keys are provided for species from America north of Mexico, Meso-
America, The West Indies and South America. All species are described and
most are illustrated. The geographic distribution and variation ot the species
and species groups are discussed, with particular regard to speciation of North
American groups.

INTRODUCTION

The genus Agapostemon occurs only in the Western Hemisphere where
it ranges from southern Canada to Paraguay. It is the only member of a
group of allied genera to be found north of Mexico—South America being
the center of abundance of most of 1ts relatives.

Agapostemon is polythetic and cannot be differentated from related
genera on the basis of any one character or group of characters. Neverthe-
less, most species are characterized by their metallic green or blue head and
mesosoma and their contrasting black or black and yellow metasoma.

Until recently, the biology of this genus was poorly known. However, in
1969 Eickwort and Eickwort described in detail the nesting and foraging
behavior of A. nasutus in Central America. In the same year 1 reported on
the biology of the North American A. radiatus, A. splendens and A. texanus
and summarized available information on other species. These biological
investigations have complemented the present classification.

The primary objective of this revision is to describe and classify the
species of Agapostemon and to elucidate their evolutionary history. It 1s
possible to recognize species groups and in some cases provide reasonable
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explanations of their origins, but the number of species with no apparent
affinities proscribes extensive speculation on the phylogeny of the genus.
A second objective of this work is to facilitate identification ot species
of Agapostemon. To this end keys, descriptions and illustrations have been
prepared in as simple and uniform a style as possible. Species descriptions
are in alphabetical sequence, because I believe a phenetic or “phylogenetic”
sequence presumes too much knowledge on the part of the readers. The
keys are regional and artificial for the sake of brevity and clarity respectively.
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HISTORICAL REVIEW
The taxon Agapostemon was first proposed in 1844 by F. E. Guérin-

Méneville as a subgenus of Andrena in the following statements:

Nous connaissons plusieurs especies a cuisses ainsi renflees. Ce
sont des males. Peut-étre jugera-t-on a propos de les réunir en un
sous-genre, que nous proposerions de nommer Agapostemon. 1l
serait aux Andrenes ce qu'est le genre Nomia parmi les Halictes.

The only included species was Andrena (Agapostemon) femoralis
Guérin 1844. Dalla Torre (1896) correctly recognized this species to be a
junior synonym of Apis viridula Fabricius 1793. Therefore the correct name
tor the type species of the genus Agapostemon is now Agapostemon viridulus
(Fabricius). Agapostemon was first described and accorded generic rank
in 1853 by Frederick Smith, who listed seven species, four of them new.
In 1896 Dalla Torre catalogued 16 species and placed four species in
synonymy. He also gave the Latin translation of Guérin’s transliterated
Greek compound, Agapostemon, as “ayawaw amo, orquov stemen.” In
English the translation is “lover of stamens.”

In 1897 Robertson redescribed the species known from the United States
and listed their synonyms. The first key, published by Titus in 1901, included
only the species known to occur in Colorado, and in November of the same
year Crawford revised the North American species of Agapostemon. In
this revision Crawford re-described the genus, described seven new species,
and included a key to the 15 species then known from North America. In
1902 Robertson published keys to the genera and species of the North
American Halictinae in which he commented on the relationships of the
genera. Although he cited very few characters, the keys and generic con-
cepts were remarkably good.

In 1903 Vachal reduced Agapostemon to subgeneric rank in Halictus.
He included 28 species (nine of them new) in the subgenus Agapostemon
and proposed the new subgenus Paragapostemon for 25 additional species
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with hairy eyes and without a complete propodeal carina. Although his
keys were good, Vachal’s conservative generic concepts were not widely
accepted, and Cockerell (1905) accorded generic rank to both Agapostemon
and Paragapostemon. Vachal did not cite a type species tor Paragapostemon,
but Cockerell (1905, in footnote) designated Halictus (Paragapostemon )
podager Vachal as the type species.

Schrottky (1909a) erected the genus Pseudagapostemon (type species
Agapostemon arenarius Schrottky), thereby removing most of the species
from Paragapostemon as well as additional species from Agapostemon.
Schrottky published another paper (1909b) in which he reduced seven
species of South American Agapostemon to synonymy and transferred four
more from Agapostemon to Pseudagapostemon. In 1918(a) Cockerell re-
duced Pseudagapostemon to subgeneric rank in Agapostemon, but never re-
ferred to it as such thereafter.

In 1936 Sandhouse revised the species of Agapostemon occurring in the
United States. Although she examined about 4,000 specimens, her work
does not make sufficient allowance for intraspecific variation, none of the
species are described, the only figures (of genitalia) are inadequate, and
finally, she did not recognize five of the species now known from the
United States; A. femoratus, A. tyleri, A. nasutus, A. peninsularis and A.
leunculus. Despite these shortcomings, Sandhouse’s revision has remained
the best available reference on the genus for more than thirty years. More
recent systematic treatments of Agapostemon are the contribution by
Michener (1951) to the catalog of North American Hymenoptera; and the
key, descriptions and figures for the species in the eastern United States

(Mitchell, 1960).

EXCLUDED SPECIES

The following is a list of species which, although described in or sub-
sequently transferred to Agapostemon, are no longer considered to belong
to this genus. When possible the genus to which they belong has been
indicated. Some of the species are synonyms but listing of synonymies must
be postponed until Paragapostemon and Pseudagapostemon can be revised.

In 1918(a) Cockerell reduced Pseudagapostemon to a subgenus of
Agapostemon but this classification has never won acceptance. The only
species mentioned by Cockerell | Agapostemon (Pseudagapostemon )
xanthorhinus Cockerell, Halictus citricornis Vachal, Pseudagapostemon
paulista Schrottky, and Pseudagapostemon nasua Schrottky| have been
omitted from the following list.

Augochloropsis

Agapostemon caeruleus Ashmead 1890 was placed in Augochloropsis by
Titus (1901).
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Paragapostemon

Nomia caelestina Westwood 1875, placed in Agapostemon by Cockerell
(1910a), was placed in Paragapostemon by Moure (1964).

Agapostemon bruneri Crawford 1901 was placed in Paragapostemon
by Moure (1964).

Halictus (Agapostemon ) sicheli Vachal 1901 was placed in Paraga-
postemon by Moure (1964).

Nomia tacita Cameron 1902, placed in Agapostemon by Cockerell
(1910a), was placed in Paragapostemon by Moure (1964).

Nomia cillaba Cameron 1902, placed in Agapostemon by Cockerell
(1910a), was placed in Paragapostemon by Moure (1964).

Ruizantheda

Halictus emarginatus Spinola 1851, placed in Agapostemon by Cockerell
(1905), 1s a synonym of the type species (Halictus proximus Spinola
1851) of Rutzantheda Moure 1964,

Halictus mutabilis Spinola 1851, placed in Agapostemon by Schrottky
(1903), became the type species of Ruizantheda (Ruizanthedella)
Moure 1964.

Halictus placidus Smith 1879 was placed in Agapostemon by Cockerell
(1905), but Moure (in litt.) places it in Ruizantheda.

Pseudagapostemon

Agapostemon arenarius Schrottky 1902(b) became the type species of
Pseudagapostemon Schrottky 1909 (a).

Agapostemon aeneus Schrottky 1902(a) was placed in Pseudagapostemon
by Schrottky (1909b).

Agapostemon arechavaletae Schrottky 1908 was placed in Pseudaga-
postemon by Schrottky (1909b).

Agapostemon bonaérensis Schrottky 1908 was placed in Pseudaga-
postemon by Schrottky (1909b).

Halictus ( Agapostemon ) pissisi Vachal 1903 was placed in Pseudaga-
postemon by Vachal (1904).

Halictus ( Agapostemon ) divaricatus Vachal 1903 was placed in Pseud-
agapostemon by Vachal (1904).

Agapostemon olivaceo-splendens Strand 1910 was placed in Pseudaga-
postemon by Moure (1947).

Agapostemon zosteronedys Moure 1940 belongs in Pseudagapostemon

divaricatus (Vachal) as indicated by Moure (footnote in Michener
and Lange, 1958).

Species [ncertae Sedis
Halictus bruchianus Schrottky 1908 was placed in Agapostemon by
Schrottky (1913). Moure (in litt.) has not seen the type but believes
it should be placed in Corynura or Ruizantheda (probably the latter).
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GENERIC DIAGNOSIS

No one character or set of characters was found to be both necessary
and sufhcient to distinguish all species of Agapostemon from all species in
other halictine genera. However, the genus may be recognized by a syn-
drome of characters. This set of characters is common to most species of
Agapostemon but not all of its characters are present in all of the species.

The character which is unique to Agapostemon and which best separates
this genus from other halictine genera is the carina which in most species
entirely surrounds the posterior surface of the propodeum of both sexes.
Also unique among halictines is the striking contrast between the non-
metallic coloration of the metasoma and the metallic coloration of the head
and mesosoma of most female and nearly all male A gapostemon.

Female Agapostemon may be distinguished from females of most other
halictine genera by the three or four (sometimes as many as seven) large
spatulate teeth on the posterior hind ubial spur and by the parallel con-
tiguous carinae extending postero-dorsally from the antero-ventral margin
ot the gena. Male Agapostemon may be distinguished from males of the
augochlorine genera and the genera in the Halictus-Lasioglossum group by
the fusion of the first two tarsomeres of the hind tarsus. Unlike those of
almost all other halictine genera, the hind femora and, to a lesser extent,
the hind tibiae of many male Agapostemon are conspicuously swollen. The
only other genera with similarly modified legs have conspicuously hairy
eyes in contrast to the glabrous or nearly glabrous eyes of Agapostemon.

INFRAGENERIC STRUCTURE

While 1t seems premature to speculate at length on the phylogeny of
the species of Agapostemon, certain discrete groups of species can be
recognized on the basis of such features as genitalia, pronotum, legs,
metasomal sterna and color pattern. These species groups might have been
recognized as subgenera, but to be consistent I would have been torced to
recognize an unacceptable number of small or monotypic subgenera. Sub-
species are not recognized because there is little biological or utilitarian
justification for such in this genus. Of course, intra-specific variation is
described wherever encountered.

In the following list the name of the first member (chosen arbitrarily)
of each species group has not been indented and will serve to identify the
group in subsequent discussion (e.g., the species in the splendens group
are A. splendens, A. texanus and A. angelicus).
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ZO0OGEOGRAPHY

Although more than 50,000 specimens were examined in the course of
this study, I was hampered by inadequate collections from the West Indies
as well as Central and South America. While it seems unlikely that any new
North American species will be discovered, it is likely that new species
remain to be found in the West Indies, Central America and the Andean
region of South America.

It 1s difthcult to comprehend what factors influence the distribution of
species of Agapostemon. Only in the correlation between the distribution
ot A. splendens and that of moist sandy soils in the eastern United States
and eastern Mexico is there evidence of a causal relation between the
presence of an ecological parameter and the presence of the bees (Roberts,
1969).

Some species, such as A. coloradinus, are relatively restricted in range
while others are widespread, A. texanus occurring from Canada to Costa
Rica and Boston to San Francisco. In the United States alone, A. texanus
occurs 1n 70 ot 116 plant communities (Appendix A). A. angelicus occurs
from below sea level in Death Valley, California to 12,000 ft. (3,658 m) on
Mt. Evans in Colorado (timberline 11,700 ft.). In view of the apparent
ecological plasticity among most species, it is not surprising that their dis-
tributions broadly overlap.

North American Species. There are four North American species
groups. Each of these groups 1s composed of two very similar species and
a third species which, although obviously closely related, stands somewhat
apart phenetically. In each group but one, the two most similar species are
found west of the 95th meridian and the third species is found north and
east of the others. There is some sympatry within each species group, but
the center of distribution 1s different for each species within a group (Fig.
228

The simplest explanation for the occurrence of these similar geographic
and cladistic patterns in each of the North American species groups is to
assume: (1) North America was originally occupied by four species; (2)
each species was bisected 1nto southeastern and southwestern populations
at the time of Pleistocene glaciation; and (3) the southwestern populations
were more recently subdivided (possibly on the Pacific and Gulf coasts of
Mexico) when forced to migrate farther south by still further cooling.
Presumably this pattern of evolution is not evident among the Meso-
American and West Indian species groups because they were too far south
to have been significantly displaced by the climatic changes accompanying
Pleistocene glaciation.

West Indian Species. The West Indian species are interesting in that
they are not found on the mainland (with the doubtful exception of A.
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aenigma) and are not closely related to the mainland species. This 1s
somewhat surprising in view of their relative proximity to the Florida and
Yucatan peninsulas. Also surprising is their absence in the lesser Antilles;
yet their occurrence throughout the Bahama Islands and Greater Antilles
constitutes prima-facie evidence of high vagility.

Although 1t 1s extremely improbable that the bees fly of their own
accord between islands, 1t does seem likely that they are occasionally swept
up by hurricanes and deposited on other islands many miles distant. Mem-
bers of the poey: and wviridulus groups are widespread (cf. map, Fig. 1).
As there is very little discernible correlation of geographic factors with the
phenotype among members of each of these phenetically homogeneous
species groups, I am inclined to believe that, relative to their rates of evolu-
tion, their rates of dispersal have been rapid.

In studying the poey: group I vacillated between considering all of the
island  populations as conspecific and considering each population as a
separate species. 4. poey: and A. viequesensis, occurring in Cuba and Puerto
Rico respectively, have long been considered as distinct species which could
easily be differentiated morphologically. However, as morphologically in-
termediate forms exist on the Bahama Islands, it is tempting to classity the
entire group as a single highly variable species. However, phenetically
typical populations of A. poeyi and A. viequesensis are sympatric on New
Providence Island, and there is no evidence of hybridization. The phenetic
homogeneity within each of the phenetically different populations of this
complex on other islands leads me to believe that gene flow between these
allopatric populations is also inconsequential. Thus it seems that in the
poeyt group the rate of speciation, or creation of clades, 1s high relative to
the rate of evolution, or shift in gene frequency. Although not as large
and widespread, the viridulus group similarly appears to be speciating rela-
tively rapidly. My decision to regard the A. poey: group as an Artenkreis
rather than a Rassenkreis is based on scanty evidence. However, the de-
cision 1s a taxonomic necessity which in no way effects the biological at-
tributes of the organisms in question.

The species A. kohliellus and A. centratus do not seem closely related to
any other species of Agapostemon. Rare species, they may be restricted to
a particular ecological factor found only on the island ot Hispaniola. Such
a severe ecological limitation could explain their absence on the other islands.

Meso-American Species. The distributions and relationships of the
species occurring in this region are difhcult to interpret. Some of the species
such as A. mexicanus or A. tyleri clearly belong to North American groups
although A. mexicanus is found in northwestern Mexico and A. tyler:
ranges southward on the central plateau to the vicinity of Mexico City.

A. rhopalocera is a rare species known only from males, not obviously
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related to other species and restricted to the vicinity of Mount Orizaba in
Vera Cruz. A. erebus 1s known from a single female collected in El Salva-
dor, but i1s obviously closely related to A. leunculus which ranges from the
southern tip of Texas to eastern Ecuador, and also to a third species, A.
ascius, known from two females collected in Colombia.

Males of A. nasutus are unlike those of any other species inasmuch as
their genitalia and clypeal region are both highly modified. They also differ
from males of other species in less striking features such as the lateral tufts
of pubescence on the 6th metasomal sternum. Despite these obvious peculi-
arities of males, females of A. nasutus are somewhat similar to those of the
erebus group (differing principally in the shape of the pronotum). The
commonest species throughout most of its range, A. nasutus 1s found trom
the southern tip of Texas to northern South America, as far east as Trinidad,
and west of the Andes as far south as Ica, Peru.

A. atrocaeruleus has been found only in Costa Rica but is closely related
to a pair of species found primarily south of the Amazon Basin but reaching
as far north as Ecuador. A. intermedius is found from Costa Rica to Tingo
Maria, Perti and obviously links the atrocaeruleus group with the Andean
heterurus group.

In summary, most of the Meso-American species of Agapostemon belong
in North or South American species groups. Only the very widespread and
abundant A. nasutus and the very restricted and rare A. rhopalocera have no
apparent afhnities with either North or South American species, or each
other.

South American Species. Some of the species occurring in South Amer-
ica such as A. nasutus, A. intermedius and A. ascius are restricted to the
northwestern margin of the continent. Apparently these species, which are
recently evolved or recently arrived via Central America (e.g., A. nasutus),
have found further access to the continent blocked by the Andes to the east,
the Atacama Desert to the south, and the forests of the Orinoco Basin to the
north.

Agapostemon chapadensis and A. semimelleus are the only species widely
distributed in South America. Both are found in the campos, or subtropical
grasslands, of southern Brasil, Paraguay and northern Argentina. In addition
isolated populations of A. semimelleus have been collected from the head-
waters of the Maranon, Huallaga and Cauca rivers. Presumably, these species
were able to ascend the valleys at some time in the past when the South
American grasslands were more extensive than today. Surprisingly, A.
semimelleus has been collected at the head of the Cauca Valley in Colombia.
[ cannot explain this occurrence as the Cauca River drains into the Caribbean
Sea. Specimens of A. semimelleus have been collected from localities as near
as the headwaters of the Putumayo River, but the Cauca and Putumayo

_
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rivers are separated by at least 200 kilometers of mountains (Cordillera Cen-
tral) rising as high as 5755 m. The closest relative of A. semimelleus and A.
chapadensis 1s A. atrocaeruleus which has been collected only on the central
plateau of Costa Rica, nearly 1000 km from the headwaters of the Cauca
River.

The most aberrant species group in Agapostemon includes A. heterurus,
A. inca, A. boliviensis, A. lanosus and A. mourei. These species are very
closely related and are restricted to the eastern margins of the central Andes.
As many of the valleys in this region are both ecologically isolated and poorly
collected, 1t seems reasonable to predict that more species in this group will
be discovered.

A. intermedius 1s morphologically intermediate between the A. heterurus
group and the A. atrocacruleus group. A. intermedius ranges from central
Costa Rica, where 1t 1s sympatric with A. atrocaeruleus, to northwestern
South America. It has also been collected from Tingo Maria at the head of
the Huallaga Valley where it 1s sympatric with A. lanosus. Possibly A.
intermedius is part of an Artenkrers running from Costa Rica down to the
grasslands of Brasil (the A. atrocaeruleus group) and down to the eastern
margins of the Andes (the A. heterurus group).

METHODS

TerminoLocy. The terminology is essentially that utilized by Michener
(1944, 1965). However, the following terms have been proposed since no
appropriate ones existed for these features.

The propodeal shield is the flat or slightly concave area on the posterior
vertical surface of the propodeum usually delimited by a conspicuous propo-
deal carina (Fig. 25). Male genitalia often bear an apical stylus, medial plate
and basal stylus on the mesal surface of the gonostylus (Fig. 180). Although
often reduced and covered by long bristles, a ventral lobe (Fig. 223) 1s always
present on the ventral surface of the gonocoxite.

The specific importance of the maculations of male legs has necessitated
a more precise and morphologically consistent system for designating various
portions of the legs than that used by Michener and others. The legs of
bees, like those of most insects, may move anteriorly and posteriorly, and may
be flexed ventrally and extended laterally. The middle legs, when extended,
are nearly perpendicular to the longitudinal axis of the body (presumably
the “primitive” condition in the Arthropoda). The fore legs and hind legs,
however, are directed respectively forward and rearward to a greater or
lesser degree. Owing to the rearward orientation of the hind legs of bees
(especially in pinned specimens and in live bees in flight), that which is
designated by previous authors as the “inner” surface of the hind legs is
not homologous with what they term the “inner” surtace of the fore legs.
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Therefore, 1 propose a terminology consistent with the presumed serial
homology of the parts of the three pairs of legs rather than with the positions
in which they are borne. Although this system may at first seem strange
and cumbersome, it is economical in that one can refer, for example, to
serially homologous maculations as being on the posterior surfaces of all
three pairs of legs. With the system used by other authors one could not
refer to such maculations as being on the “inner” surfaces of all three
pairs of legs. The disadvantage of the proposed system is that the “dorsal”
quadrant of the tarsus may be visible only from below (due to the flexed
position of the leg), and the “anterior” surface of the hind leg only from
the side.

In the following descriptions, the legs are considered as extended at right
angles to a sagittal plane through the body of the bee. The hypothetical
leg segment 1s regarded as cylindrical, its cross-section divided by perpen-

dicular diagonals into dorsal, ventral, anterior and posterior quadrants.

Descrirtion. To conserve space, the reader is often referred to the de-
scription of another species or sometimes the opposite sex. All interspecific
comparisons are between members of the same sex unless otherwise specified.

Because sexual dimorphism is so pronounced in Agapostemon, characters
used to differentiate males (or females) of two closely related species are not
always present on members of the opposite sex. In some instances members
of only one sex can be differentiated morphologically. In other cases the
morphological differences between species are so subtle as to render identi-
fication difhcult regardless of sex. For these reasons distributions have been
used (especially in the keys) wherever morphological differentiation was
difhcult or impossible. Of course, no species is recognized solely on the basis
of 1its distribution. The reader must be cautious in relying on distributional
differentia because the ranges of species are subject to change without notice.

If two species are very similar then only one 1s described and the other
is described as identical but for the differentiating characters. Relative size
is presented as proportions and absolute size may be derived from scale
drawings. For each character, the drawings are to the same scale to
facilitate size comparisons between species.

Synonymies have been kept as brief as possible and no references to
synonyms have been made unless they involve nomenclatural changes of
specific epithets. An effort was made to locate and examine the primary
types of all nominal species and subspecies and, whenever possible, their
location has been noted 1n the synonymy. In quotations of label data on
the types of new species, a single slash indicates the break between lines
on a label and a double slash the break between labels on a pin.



REevisioN oF THE BEg GENUS AGAPOSTEMON 451

KEY TO SPECIES OF THE UNITED STATES
AND CANADA

L, Eemale: 10 flapellomieres: scopa o hinld Ieg .t 2
Male; 11 Hlagellomeres: scopa absent ..ot v oo 14
2.0.1) Metasumﬂl terga bright metallic green to blue, concolorous with
hend and, (DESES0MIRE ...t sl detE e ot it e 3
Metasomal terga black to pale amber, not concolorous with
metallic head and mesosoma . _ : IS
3.( 2 ) Wings almost hyaline, only H]lghtl? darkuwd on lest.}.l margins;
mandible yellow basally ... ... R LA
Wings transparent brown, distal margins Lﬂnspuuﬂusly “dark-
ened; mandible usually amber basally (rarely yellow) _........... splendens

4.(3) Mesoscutum with numerous fine punctures mtfrspersed with
fewer distinctly larger and deeper punctures; punctuation often
so fine as to leave mesoscutum bhll]}’ (Bigs. 23, 24 .
texanus and angelicus*
Mesoscutum r:uars&*l}' punctate or rugose, ldell’lE punctures of

two distinct sizes and never shiny ... ==y
5.(4 ) Mesoscutum coarsely rugose at least on inner borders of

parapsidal lines, if not rugose throughout ... femoratus

Mesoscutum between parapsidal lines coarsely punctate, not

FUPOSE .covsivninnss e e e B
6.(5) Common in eastern  half of L.L hn::t:m‘ning rare in the Great

Plains (Fig. 18) . S e NORLETHS

Common on Mexican Plateau and in arid southwestern U.S. ., Tare

along eastern border of Rocky Mountains (Fig. 2) ... cockerelli

7.( 2 ) Posterior lobe of pronotum with pale yellow or creamy spot at

apex (Fig. 134); clypeus with yfllﬂw transverse band (Fig. 42)

eeatued el oasnet RSN R RN nasurus
Posterior lobe of prﬂnutum metallic at apex, never creamy or
yellow; clypeus with or without yellow transverse band ... 8
8.(7) Clypeus with transverse apu:al or subapical vflluw hﬂnd
metasoma black of pale amber oo e g B
Clypeus metallic with apiml region dark brown to black;
fctasomg always black ... . s ool

9.( 8 ) Pronotum with 51ngif: ::unbpuuuua 5harp carina E?{tendlng
postero-ventrally from lateral angle (Fig. 135); metasomal terga
black with narrow basal bands of white tomentum; scape dark
brown to black, lacking vellow ... . o o leunculus
Pronotum without conspicuous sharp carina extending postero-
ventrally from lateral angle (may have several small carinulae);
metasomal terga pale amber to black, with white tomentum on

basal halves; scape sometimes marked with yellow ... 12

10.( 8 ) Genal ridges coarse (2-3 per 0.25 mm) (Fig. 28); mandible
usually yellow basally ................ b s (ULTESCERS
(:El‘.ldl rldgcs fine (5-6 pEr U 25 mm} nnndlblﬁ- amhtfr to bruwn-

* The females of A. rexanus and A. angelicus cannot be reliably separated on the basis of
their morphology; however, females occurring well outside the range of A. angelicus males are
probably A. texanus (see map, Fig. 20).
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11.(10)

2.('9")

I3.411)

140 1)

15.(14)

16.(15)

17.(16)

18.(17)

19.(18)

20.(19)
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Wings transparent brown; white tomentum lacking on anterior
part of first metasomal tergum; protuberance above clypeus

without large, central, shiny area ...........coieiii . coloradinus
Wings hyaline, not brown; white tomentum on anterior part of
first metasomal tergum ... e e

Dorsal area of propodeum nmdcmttly to Lmrsﬁ‘ly rugose; scape
often marked with yellow; metasomal terga amber to black or
black with amber anteriorly on tergum 1 ... . melliventris
Dorsal area of propodeum tinely rugose to tinely rugulose; scape
never with yellow markings; metasomal terga always entirely
Black: i v pf?mhuffuh
Supraclypeal prutuhemmﬁ w:th bl'l"l{}f}th shmy c-f:ntml area with
scattered punctures; found only in Arizona, New Mexico and

on the Mexican Platean (Big) 27 i i o £ ENY
Supraclypeal protuberance with uﬁ'al\ly and tmnmerbt‘:lv rugusc
central area: occurs around Gult of California .................... mexicanus**
Clypeus conspicuously concave ventrally, more than three times
as broad as long (Figs. 80, 87 oo nasutus
Clypens nermial, little broader than long ..ooe o oo 15

First metasomal tergum yellow to very pale amber basally, not
brown or black, and hind basitarsus always slender and simple
(Fig. 155); hind leg yellow with small brown or black area
apically on femur and basally on tibia ... melliventris
First metasomal tergum brown to black basa ly {1t pale amber,
then hind basitarsus swollen and with basal ridge and apical

groove ); hind leg usually with dark brown to black stripe on tibia ... 16
Hind femur without tooth: slender ... . 2
Hind femur with subapical tooth postero-ventrally; often con-

SDICMBIEIY. TREALEET ool fos s esirsns bt st s it oottt LT

Wings transparent brown, conspicuously darkened at distal
margins; hind basitarsus with crest of basal ridge grooved

(Flg 16T hege S N RS WO N SO W asesspeaias SPACTACHS
Wings hyaline or n«mrl;«r 50, not cimspu.umlshf darkened at distal
margins; hind basitarsus with basal ridge (if present) not grooved ...... 18

Metasoma with last two wvisible sterna (5-6) dark brown to
brown-black, without yellow maculations; sterna 2-4 with yfllﬂw

(if present) restricted o basal marpins ooans SR
Metasoma with extensive yellow maculations on ) Tast two visible
steena (O=0) aswell asop stemia 24 oo o )
Hind femur lacking brown to black stripe on posterior surface
(Fig. 158) .. IR/ | ;- - / 1
Hind femur with ]dI‘lTE brown to black -_.tr1pf: covering most or
all of posterior AR R e A e A
Brown to black streak less than 24 lfngth of posterior surface of
hind ubia (Fig. 160) _. eneresnieennnns COlOTRAINUS
Brown to black streak L‘\l’tl]dl[]g entire lr:n,;_,th of pusttrmr surface
of hind &ibig (Fig. 19) oo oo 0 o tyleri

** Although not currently known to occur in the United States, this species may vet be
found in the vianity of San Diego or Yuma, thus 1t 1s included in this kev.
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21.(18) Metasomal sternum 4 (antepenulumate visible) with low trans-
verse ridge not quite reaching posterior margin laterally;
metasomal tergum 4 usually without conspicuous metallic tints ... 22
Metasomal sternum 4 (antepenultimate visible) with low trans-
verse ridge reaching posterior margin laterally; metasomal
tergum 4 nearly always with conspicuous metallic tints ... 24
22.(21) Hind basitarsus lacking apical groove and basal ridge (Fig.
|6 ) (A radiatus
Hind basitarsus with leL"il g_}mc_n-s anid basal rldgfi 23
23.(22) Hind basitarsus with inconspicuous basal ridge and slender ,.lpu.dl
groove (Fig. 162) .. e COCKETEUS
Hind basitarsus with ufry Llrgf. L-::nnspluu:mq L.lnrhtly sinuate
basal ridge and broad, conspicuous apical groove (Fig. 163) .. femoratus
24.(21) Base of apical stylus of gonostylus slightly inflated (Fig. 181)
brown to black stripe on posterior surface of hind tibia but
never on anterior surface (Fio, 164) e e BREELICHS
Base of apical stylus of gonostylus not inflated (Flg 180 ] brown
to black stripe anteriorly on hind tibia (Fig. 165), or, it lacking,
then without black stripe on posterior surface ... texanus
25.(16) Posterior surface of hind tibia largely yellow (Fig. 143) .. leunculus
Posterior surface of hind tibia largely brown or black . . .26
26.(25) 2-4 large submarginal bristles on each side of metasomal
sternumy 4 . penunsularis
14-20 large, E\.enlv spmcd suhmarﬂmal bristles on metasomal
i 50 95 G, A S eV e, IO AR BBty IO, o W) A mexicanus*
KEY TO MESO-AMERICAN** SPECIES
- Males; 11 flagellomeres; scopa absent .. 2
Females; 10 flagellomeres; scopd on hind legs oo o 15
2.( 1) Antenna normal . | 3
Antenna long, h]aantmlh, and with Llpu_dl HJ”E“UH](?[’E flattened
(Rig. 151) .~ T e e o T
3.( 2 ) Clypeus nurmal l1tt le longer than broad . 4
Clypeus conspicuously concave ventrally, more than three times
as: broad. as long (Figs: B0, Gl ) coueonimeston st nasutus
4.( 3 ) Metasoma banded with yellow and dark brown or black, lacking
barids of White tomentiom .. 5
Metasoma pale amber, with bands of white tomentum ... centratits
5.( 4) Sixth metasomal sternum Hat or with inconspicuous medial ridge ... 6
Sixth metasomal sternum with medial “button™ (flattened process
resembling human tongue and attached to sternum in much the
same way as human tongue is attached to floor of mouth
B s S OSSPSR B S0 o W0 N oo 11 Lo | intermedius
6.( 5) Hind femur with conspicuous subapical tooth postero-ventrally ... 7
Hind ¢ lhclone 160th 7z vuanvnina s st i 11
* Although not currently known to occur in the United States, this species may yet be

found 1n the vicinity of San Diego or Yuma, thus it 1s included 1n this key.
** Mexico, Panama, and intervening countries.
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7.( 6 ) Wings hyaline or nearly so, not conspicuously darkened at distal
margins; hind basitarsus with basal ndge (if present) not

graoTed s S ae o R S ite e 8 S penllie BT el S e 8

Wings transparent hruwn conspicuously darkened at distal

margins; hind basitarsus with crest of basal ridgf: grooved

(Fig. 166) . e e SPIEMBCHS
8.( 7 ) Metasoma with extensive }E“UW maculations on sterna; hind

tibia with brown or black posterior stripe (when present) not

extending from base to apex ... e I T 9

Metasoma with sterna brown or hhd\ lqckmg }’E“DW T

tions; hind tibia with broad brown or black posterior stripe

extending from base to apex e IR W
9.( 8 ) Metasomal sternum 4 (.antf?pfmlltlmdtﬂ nalhle) w1t1‘| luw trans-

verse ridge reaching posterior margin laterally; metasomal

tergum 4 nearly always with conspicuous metallic tints ... 10

Metasomal sternum 4 {;111tepenultimute visible) with low trans-

verse ridge not quite reaching posterior margin laterally; meta-

somal tergum 4 without conspicuous metallic tints e SCOCRETELN
10.( 9 ) Base of a ‘uLal stylus of gonostylus slightly inflated (Flg 181);

brown to black stripe on posterior surface of hind tbia but

never on anterior surface (Fig. 164) ... oo Angelicus

Base of apical stylus of gonostylus not inflated {Flg 13[1) brown

to black stripe anteriorly on hind tibia (Fig. 165) or, if lacking,

then without black stripe on posterior surface ... . texanus
11.( 6 ) Base of metasomal tergum 1 dark brown or black ... 12

Base of metasomal tergum 1 yellow or pale amber ... melliventris
12.(11) Hind leg with broad brown or black stripe covering most of

posterior surface of tibia and extending from base to apex;

similar stripe on femur sometimes broken centrally ... 13

Hind leg largely yellow on posterior surface of tibia and femur ......._.. 14
13.(12) Metasomal sternum 4 with 2-4 large submarginal bristles on

BACH) S ot s i e e e s e e peninsularis

Metasomal sternum 4 with 14-16 large, evenly spaced sub-

pratiial bRl o mnmnasi e s s - TR ORI
14.(12) Pronotum with very acute Lur:ml angh_ mesoscutum with con-

spicuous Hange laterally on anterior margin ... atrocaeruleus

Pronotum with lateral angle rounded; mesoscutum lacking flange

on anterior margin ... : Rt WONNERLS
15.( 1 ) Metasomal terga bright met tallic grtcn to blue- grfen 16

Metasomal terga pale amber to black, not metallic . 19
16.(15) Mandibles amber with metallic green spot basally; dorsal area

of pronotum with very large, wu]r:l}f separated carinae extend-

ing from anterior margin to propodeal carina aenigma*

Mandibles amber or }’L“{"JW’ lacking metallic spot basally; pro-

notum rugose dorsally ... : . et B
17.(16) Wings almost hyaline, unl}r ﬂhghtly darkened on distal marglm

mandibles yellow basally .. 18

Wings transparent brown, distal maryn*: c.c:nsplr:unual}? “dark-

ened: mandibles usually amber (sometimes yellow) basally ... splendens

* Although labeled “Costa Rica” the two specimens of A. aenigma are closely related to

West Indian species and mayv be mislabeled.



\J1
\J1

REevisioN ofF THE BEe GENUS AGAPOSTEMON 4

18.(17) Mesoscutum coarsely punctate to finely rugose, lacking punctures

19.(15)

20.(19)

21.(19)

22.(21)

|
-
—
I~
b~
"

24.(23)

I~J
(o] |
—_
I~J
-2
o

26.(25)

6L itwo disnnct 51265 and fever shiny e EOCkETEL
Mesoscutum with numerous fine punctures interspersed with

fewer distinctly larger and deeper punctures, punctation often

so fine as to leave mesoscutum shiny (Figs. 23, 24)

bt b i e e e LRI ] B pelon st

Lateral angle of pronotum acutely pointed; mesoscutum with

conspicuous flange laterally on anterior margin ... TR . |
Lateral angle rounded, not acutely pointed; mesoscutum lsu.kmg_,
conspicuous flange on anterior margin ... 2]

Head and mesosoma black (usually with inconspicuous dark
blue tints and with yellow band on clypeus); metasoma black
with bands of white tomentum ... .. atrocaeruleus
Head and mesosoma metallic green or coppery; metasoma pale
amber to black, with yellow integumental bands replacing usual
BANAS 6L AWHite BMEHHINY oo st s e s intermedius

Posterior lobe of pronotum metallic at apex, never creamy or
yellow; clypeus with or without yellow transverse band ... 22
Posterior lobe of pronotum with creamy or yellow spot at apex;
clypeus with yellow transverse band ... ... . nasutus

Clypeus with transverse, subapical, yellow band; metasoma

dmitierstpiiblac e et i me R0 el S e Bl et 23
Clypeus black at apical margin, lacking yellow band; metasoma
Siaee Bladeh = o oo o Bt BT ool 1o Bates s el S 25

Pronotum without single conspicuous sharp carina extending
postero-ventrally from lateral angle (may have several small
carinulae ); metasomal terga pale amber to black, with white
tomentum on basal halves; scape dark brown to black, sometimes
marEed WIth Wl (s o iins erdersnasstssinenstantidesssbacn s srasnsi s et s e ie: )
Pronotum with single conspicuous sharp carina extending
postero-ventrally from lateral angle; metasomal terga with nar-
row basal bands of white tomentum; scape dark brown to black,
IelRiaE VEllGW o s e e e e e e e B P

Dorsal area of propodeum moderately to coarsely rugose; scape
often marked with yellow; metasomal terga amber to black, or
black with amber anteriorly on tergum 1 melliventris
Dorsal area of propodeum finely rugose to finely rugulose; scape
never with yellow markings; metasomal terga always entirely

Blacicnil o Do s Biing L e na e Sl i peninsularis
Head and ‘mesosoma bright sietallic 9reen ...cvovvimnnnnnnee 20
Head and mesosoma black with metallic purple tints ... erebus

Supraclypeal protuberance with smooth shiny central area and
with scattered punctures; occurs in New Mexico, Arizona, and

on the Mexican Platcan (Fig, 27 ) .......cacemesesssmmormatssabonts bessmmmesenmmmsas tylert
Supraclypeal protuberance with weakly and transversely rugose
central area; occurs around the Gulf of Califormia ... mexicanis

** The temales of A. texanus and A. angelicus cannot be separated reliably on the basis

of their morphology; however, females occurring well outside the range of A. angelicus males
are probably A. texanus (see map, Fig. 20).
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7.(6)

8.(6)

9.(4)

10.( 9 )

11.(10)

12,(11)
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KEY TO WEST INDIAN SPECIES

Males: 11 fagellomeres; scopaabsent . . . 2
Fermales; 10 flapellamieres; scopaion hind 188 v 16
Hatid . fetine: Wttt t60th v libnusmiammnninnanvaiansaimase /D
Hind femur with tooth on pmteru ventral VAT -anveensesssssomsanatomasasss 4

Lower portion of clypeus abruptly flattened, glabrous and im-
punctate (Figs. 109-110); metasomal terga yellow with black
bands; from Hispaniola, Cuba and Jamaica ... kohliellus
Lower portion of clypeus normal, not abruptly ﬂattcnﬁd
glabrous (Figs. 121-122) or impunctate; metasomal terga honey-

ecolorett i rom M o comniaanin il b duem sl Gt EEDIIRLIE
Metasomal terga black or pale ’uﬂh{: r, never with metallic tints;
clypeal region elongate ... G
Metasomal terga with yellow and brown to black hands often
with metallic tints; clypeal region normal ..o 9
Head and mesosoma bright metallic green to blue ... .. 6
Head and mesosoma shiny brown-black, not metallic; from
CbE v cn o s s, ODSEUT RIS
Metasomal terga dark brown to black, palt: bands of tomentum
CONSPICUOUS ... ETREIS N
Metasomal terga }m]e amber with brown l]dﬂdb pﬂ]E bands of
BOHIEREUNT ADCONSPICHDNS: OF ADEERE vttt st 8

Sculpturing of mesosoma slightly finer than that of viridulus,
contiguous punctures giving the mesoscutum a dark blue ap-
pearance when viewed from above; from Hispaniola ... - hispaniolicus
Sculpturing of mesosoma slightly coarser than that of Aispanioli-
cus, subcontiguous punctures giving the mesoscutum slightly
shiny green to blue reflections; from Cuba ... viridulus

jasal ridge of hind basitarsus very broadly and deeply grooved

(Fig. 147); mesoscutellum extremely shiny, only weakly sculp-

turcd Fromn. Jamaded ....cormminsmssamssrstssosesessnessssiraspmasassasmssonses | SUIRINSONAE
Basal ridge of basitarsus very narrow and without bmﬂd deep

groove (Fig. 149); mesoscutellum weakly shiny with contiguous

pitnctaies: il CabEl o vnnnnnnanmie s s nsa e CHDENSES
Eye normal brown; pterostigma translucent amber to dark brown ... 10
Eye and (or) underside of pterostigma (except for dark mar-
gins) pale cream colored to opaque yellow ... ... .. 14
Metasomal tergum 3 weakly to strongly metallic green to blue
medially . esbecaes SRS, |
Metasomal teré,um 3 without metallic 5rc:.n to blue medmlly ............. . 13
Metasomal tergum 1 with metallic green to blue tints postero-
laterally: - R K i e e I i
Metasomal tergum | without metallic grt:fn to blue tints pDS’[EI’D*
laterally: frome Hispaniela . o e oo 0 L anSllares

Hind temur 60, as wide as long (Fig. 146)* from Jamaica .. jamaicensis
Hind femur less than 55° as wide as long (Fig. 144); from
Cuha Hispaniola, New Providence I. and probably from Andros
anetear b, Lo mine wlRIC SO e LN S (e g Y
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13.(10) Metasomal terga 4 and 5 with conspicuous metallic green tints

14.(9 )

15.(14)

16.( 1)

7.(16)

18.(17)

19.(18)

20.(19)

21.(20)

22.(16)

23.(22)

24.(22)

25.(24)

26.(25)

medially; from San Salvador I. (=Watling I.) ........................ columb:
Metasomal terga 4 and 5 without conspicuous metallic green
tints medially (may have faint metallic tunts laterally); from
Puerto Rico (including Mona 1. and Vieques I.) and New

Providence 1, —ooeiiiocase SOOI -/ [ 31 1
Pedicel, unlike scape or ﬁdg{,llum p:&l-:, ‘amber to }E‘“[J‘W below ...... 15
Pedicel, unlike scape or flagellum, dark brown below; from

Crooked I. R R e e e e OO
From Long 1. . SAPPRITINUS
From Cat [., Rum Ld}f, Cﬂmcptmn I New Providence I. and

Mariguana (_Mayﬂguand?) 0= et ol o, O e ochromops
Metasomal terga black to pale amber, not metallic ......................... 17
Metasomal terga largely metallic green to blue to purple ... 22
Lower portion of clypeus brown or black, metasomal terga pale

amber to black, lacking yellow bands ......ooooeevee e 18

LLower portion of clypeus with broad yellow band; metasomal
terga with yellow bands; from Hispaniola, Cuba and Jamaica .. kohliellus
Metasomal terga uniformly brown-black with narrow, white

5Ti18 b ) A 1815 11911 o (RSSO S |
Metasomal terga 1 and 2 honey-colored becoming brown-black
on posterior terga; from Hispaniola ... alayoi
Fleag and yiesaserna metallic sreen o blige i, 20
Head and mesosoma shiny brown-black, not metallic; from
B0 7 e e L e e s i e s e ) OUITC L RIS
More than L}D:”.J of interccular area above antennal sockets and
below median ocellus rugose to rugulose ... el e Rl

More than 50°. of interocular area above dI*ItEI"l["lJl ﬁmkﬁta and
below median ocellus with fine, deep, contiguous punctures;

trom ERspaniold. . e BISTARTON S
Mandible with metallic green tints basally, about as dark
ferruginous-brown basally as apically; from Cuba ... viridulus
Mandible without metallic green tints basally, much darker
:incﬂ-y than basally; from ]JﬂLmq e S e s AT SO R
Metallic coloration dark blue or dark purplr_ L
Metallic \colGrPation ERoen oo e R b . 24
Gena with fewer than 10 Extrun{,lv coarse carinae; tr;:guld dml
legs with some pale amber areas; from Long I. ... sapphirinus
Gena with many more than 10 fine carinae; tegula and legs
dark brown: from Crooked 1. i e CYANEUS
) Eye normal brown; ptemstlﬁrrm tmnsluu.,nt J]"l'll"lf.‘l' to LLlrL brown ...... 25

Eye or underside of pterostigma (usually both) pale cream-
colored to opaque yellow; from Cat I., Rum Cay, Conception 1.,
New Providence I. and Mariguana [:I‘»-hmguann?) gt ﬂrz’zmﬁ-mps
Mandible with metallic green spot basally ... .26
Mandible lacking metallic green spot lmsqlh from Pucrtn le
(including Mona 1. and Vieques 1.) and New Providence 1. .. viequesensis

Metasomal sterna 3 and 4 with conspicuous medial metallic
green s oo . s i e g
Metasomal sterna 3 and 4 hruwn without medial metallic grc‘ﬁn
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Mesoscutum  rugose laterally along parapsidal line, becoming
coarsely rugose anteriorly, punctate centrally and posteriorly;
from Cuba, Hispaniola, New Providence 1., Cat I. and Andros 1. ... poeyi
Mesoscutum finely punctate, with extreme antero-lateral margin

rugulose; from Hispaniola ..........ocoeomosoiiieernicnenonn. iStEGIS
Scopal hairs on femur and hairs on postero-ventral surface of
hind tibia golden; from San Salvador I. (=Watling 1.) ... columbi
Scopal hairs on femur and hairs on postero-ventral surface of
tibia white; from Costa Rica ... aenigma*

KEY TO SOUTH AMERICAN SPECIES

Female; 10 flagellomeres; scopa on hind leg ..o 2
Male; 11 Hagellomeres; scopa absent oot oo 10

Mesoscutum  rounded on anterior margin; lateral angle of
pronotum inconspicuous and not projecting antero-laterally ... 3
Mesoscutum with acute upturned flange on anterior margin;:
lateral angle of pronotum conspicuous and projecting antero-

Pronotum with creamy or yellow spot at apex of posterior lobe
and without carina extending postero-ventrally from lateral angle
T . ) e I R T e ST, ekl nasutus
Pronotum without creamy or yellow spot at apex of posterior lobe
and with conspicuous sharp carina extending postero-ventrally

from lateral angle (Fig. 135) ... . 4
Metasoma black; lateral angle of pronotum rounded; 3 spatulate
teeth on posterior hind tibial spur ... leunculus
Metasoma amber; lateral angle of pronotum angular; 5 (rarely
47) spatulate teeth on posterior hind tibial spur ... ascius

Metasomal terga 2 and 3 amber or black with yellow basally
(DesSt Seen in POSIETION VIEW ) oot 1§
Metasomal terga 2 and 3 amber or black but lacking yellow
___________________________________________________________________________ semimelleus or chapadensis*
Head and mesosoma dull coppery, metallic greenish-black or
bluish-black; mesoscutal pubescence dense and woolly; restricted
(0. ‘WESIEFN SOMEN  ATHOTIEA: Looierr i bars stmssims sesisinbsmsssmiasm bonstcsstasamsshoiidadi | ol
Head and mesosoma usually bright metallic green (may be
coppery 1n Central America); mesoscutal pubescence not espe-
cially dense and finely branched; Central and South America
__________________________________________________________________________________________________________ intermedius

Propodeum metallic blue-black or green-black dorsally; clypeus
without yellow maculations .............ccocooooovooeeo o heterurus
Propodeum metallic coppery dorsally; clypeus usually with
yellow maculabtions . o e . B

¥ Agapostemon aenigma is included in this key because its similarity to West Indian species
casts doubt on the correctness of 1ts “Costa Rica” label. A specimen with identical label data
belongs to the Haitian species A. centratus.

" The females of these species cannot be distinguished reliably (cf. A. semimelleus,
VARIATION ).



